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12 ASTRONOMICAL anb 

Astronomical Problei^, 

Having the times when a circumpolar Jlar faffed the thread of a 
tele/cope, above and below the pole, to determine the azimuth of 
the tele/cope, and the times 'when the Jlar pqffed the meridian* 

By THEOPHILUS PARSONS, E% A.A.S, 

ITIAVING obferved by a clock, the tinj.es at which a 
circumpolar ftar paffed the perpendicular thread of a tranfit 
telefcope, both above and below the pole, to determine from 
Jthence, the azinmth of the telefcope, and the times at which 
the ftar pafled the meridian, both above and below the pole. 

Subtract the time when the ftar pafled the thread at the firft 
obfervation, from the time it pafied the thread at the fecond 
obfervation, firft adding twelve hours to the latter time, and 
if the remainder, or interval between the two paflages thus 
found, is equal to the time employed by the ftar, meafured by 
the fame clock, in making half a revolution, then the telefcope 
js placed in the meridian. 

If that interval be lefs than the time of half a revolution* 
the telefcope has a weftern azimuth, but if that interval be 
greater, it has an eaftern azimuth ; that is, when the firft ob- 
fervation was made above the pole ; but when the firft obfer- 
vation is made under the pole, the contrary is to be obferved* 
Now to determine this azimuth, obferve the following 

RULE. 
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R U L E. 

Having turned into parts of a circle, half the difference be- 
tween that interval, and half of a revolution of the ftar, = half 
the fum of the errors in the times of the tranfit, make tang. 
*'s pol. dill. X fine i diff. = tang, of an arc, which call X : 
jthen fine X x fee. lat. =s fine azimuth required. 

To determine the times when the ftar palTed the meridian, 
both, above and below the pole, obferve the following 

RULE. 

Let tang. *'s pol. dift. x fine i diff. x tang. lat. = to the 
fine of an arc, which call Y : turn this arc into time, and the 
fum of this arc, and the half difference aforefaid, is the error 
in time, of the tranfit below the pole ; and the difference be? 
tween this arc, and the faid half difference, is the error in time 
,of the tranfit above the pole, 

Or more briefly, the half difference, ia time abovementioned, 
is equal to half the fum of the errors in the times of the tranfit, 
both above and below the pole, and the arc Y, turned into 
time, is equal to half the difference of the faid errors. 

The error in the tranfit above the pole, is to be added to the 
time of the tranfit, when the telefcope has an eaftern azimuth, 
and is to be fubtra&ed, when it has a weflern azimuth ; but 
the error in the tranfit below the pole, is to be contrarily ap^ 
plied. 

"When 
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When the telefcope is nearly in the meridian, fo that its ef> 
ror in azimuth does not amount to a degree, the rules May 
be made more compendious, by ufing logiftie logarithms. 

i. For the error in azimuth. 

LL. J diff. + log. tang. *'s declin. -f log. cofin. lat. ±r 
L. log. of the error in azimuth. 

2. For half the difFerence in time of the errors of the tran- 
fit, above and below the pole. 

L. log. i difE + log. tang. *'s declin. -f log. cotang. lat. ±r 
L. log. of half the difFerence in tiMe, of the errors required. 

example r. 
In latitude 42 48' 6 // N. a Urf. maj. was obfejved to pafs 
the telefcope above the pole, at 6 h 32' 4* in the morning, and to 
pafs the fame telefcope in the evening, at5 h 22' 56" under the 
pole, by a clock which kept mean folar time : required the 
pofition of the telefcope, and the times when the ftar paired! 
the meridian, above and below the pole. 

Time of the tranfit below the pole, + 12* 
Time of the tranfit above the pole, 
Interval, 

Half rev. of the ftar by that clock, 
Difference, 

Half difFerence = half fum of the errors^ 
Txirned -into parts of a circle, at the 7 
rate of if 56' 4' : 360° \ 

N. dec. of a Urf. maj. 
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Tang, of ftar's. pol. dift. 
Sine of half diff. 

Tang, of arc X, 

Sine of arc X, 
Sec. of lat. 

Sine of azimuth weft, 



27° 5' 52" 
8 25 8 



is 

9.7089959 
9.1655683 



4 17 3>4 8.8745642 



4 17 
42 48 



3»4 
6 



8.8733504 
Jo- 1 344755 



5 5<5 37>9 9*0078259 



Now to find the times of the tranfit. 

Tang, of ftar's pol. dift. 27 5' 52 // 

Sine of 4- diff. = i fum of errors, 8 25 8 
Tang, of lat. 42 48 6 

Sine of arc Y = i diff. of errors, 3 58 41 



1 



The arc Y turned into time, at the 

rate of 360 : 2^ 56' 4' 
Half the diff. in time above found, 
Their diff. is error of the tranfit above the pole, 
Their fum, is error of do. below the pole, 
Time of tranfit above the pole, 
Error minus, 

Time of paffing the meridian above the pole, 

Time of tranfit below die pole, 
Error plus, 

Time of paffing the meridian below the pole, 



9.7089959 
9.1655683 
9.9666410 

8.8412052 

h ' " 

*5 52 

33 35 

l 7 43 
49 27 

6 32 4 

l 7 43 

6 14 21 

5 22 56 
49 27 

m * ^ m ' ■ 

6 12 23 

PROOF, 
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P R O O F. 

From the time of pafling the merid. below the pole, 6 12 23 
Subtract the time of pafling do. above the pole y 6 14 21 



There remains (= to half the time of the| 

ftar's revolution by the clock) J 5 

EXAMPLE 11. 
Suppofe every thing as in the laft example, only that the ftar 

paffed above the pole in the morning, at 6 h o' o" 

And below it in the evening, at 6 3 56 

Interval, 12 3 §6 

Half revolution of the ftar, n j8 2 

Difference in time, 5 54 

Half difE = half fum of the errors, 2 57 

The fame in parts of a circle, ©° 44' 22* 

i. To find the azimuth. 

JL. log. of i difF. = i fum of errors , o* 44' 22* o. 1 3 1 1 

Log. tang, of *'s declination, 62 54 8 10,2909 

Log. cofine of latitude, 42 48 6 9* 8655 

L. log. error in azimuth, eali, 

2. The errors of the tranfit. 
L. log. of i difF. = i fum of errors, 
Log. tang, of #'s declination, 
Log. cotang. of latitude, 

L. log. of i diff. of errors = arc Y, 021 2 0.4553. 

21' 
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2 1' 2^ f%H^d"intb«fciMney is 

Half <£& ^be$fttfSK$$* 

Error- abbve thl-pole, 

Error below the pole, 

The" time of tranfit above the pole, 

Error plus, 

Time of .pafli^tMs meridian above the pole. 

Time of tranfit- belo'te A© r potei 
Error minos, 

Time of paffing the meridian below the pole, 5*59 35 

P R-© O: F> 

Time of paffii^ th^-meridian ,be^w^ the pole, 5 59 35 

Siibtra£t time of paffing do. above the pole, 6 1 33 

Remains (=: i a ftar-^s revoldtioni} 11 58 2 

BE M ON STEAT I © IC. 

IN the annexed Figure, (Plate I. fig. 3.) let the primitive cir- 
cle, W Y E, reprefent the plane of the horizon, W M E the equa- 
tor, ZTTthe meridian, P the north pole, 71 the' zenith, BCBF 
the parallel defcribed by the circumpolarftar, Z*A*the pofition 
of the telefcope, interfering thei parallel of tMe ftaf in G and 
B, and theft thfe angle ,$*%$ wiU; b% the aitaAtltHof the telef- 
cope. Draw the horary circles PC and PB, continuing*the 
latter to F. Then the; arc B C is, defcribed ia the interval 
between the obfervations^ (fuppofing the firft obfervation made 
above the pole) and the angle B P C is known from the time 

D elapfed 
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elapfed during the interval. The arc B C F is half of the paral- 
lel of the ftar, and is defcribed by it, in half a revolution. 
The angle BPY = DPFis the error in the time of the tranfit 
below the pole, and the angle CPD is the error in the time 
of the tranfit above the pole. The angle CPF, the fum of 
thofe errors, is the fupplement to the angle B P C. Let fall 
the perpendicular P N, and it will bifecT: the angle B P C, 
becaufe B P and C P are equal. Draw P x bifeeTing the angle 
CPF, then becaufe C P F is the fupplement of the angle B P C, 
C P x the half of C P F it the complement of the angle C R N, 
the half of B P C ; and confequentry the angle N P x is a right 
angle ; therefore the angle D P x is the complement of the an- 
gle N P Z. Now becaufe C P x (= x P F) is equal to half of the 
fum of the errors, in the times of the tranfits, D P x is equal 
to half of the difference of thofe errors ; for C Px (= x P F) -}- 
D Px - D PF the greateft error, and CP:* — PPx ^ CPD 
the leaft error, 

The formulas now to be demonftrated, are to find the an- 
gle N Z P the azimuth, and the angle D P x the half differ- 
ence of the errors in the times of the tranfits, called in the fec- 
ond formula the are Y, 

i. To find the angle N Z P. 

In the triangle N P C, are given the fide P C, the ftar's polar 
diftance, and the angle N P C, known by the half interval of 
time elapfed between the obfervations, (or rather its comple- 
ment C P x, the half fum of the errors in the times of the tran- 

% fits, 
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fits, known by turning into parts of a circle, half of the differ- 
ence of the time between the interVial,.of the two paffages, and 
the time of half the ftar's revolution) to find the fide NP, 
which in the firft formula is called the arc X. 

By fpherics we have Rad : tang. PC : : cofine N PC (= 
fine C P x) : tang. N P. Therefore tang. NP = fine CPxx 
tang. P C. 

Again, in the triangle N P Z : we have ; N P j uft found, and the 
fide Z P the colatitude of the place of obfervation, to find the 
angle N Z P the azimuth required. 

Sine ZP (= cofine P Y thelat.) : Rad : : fine N P .-: fine N 

Z P, the azimuth, then fine M2P = -« — , ■■> , fe .. ■ ■■ / = fineXx 

cofine P Y 
fecant P Y. 

Q. E. D. 

When logiftic logarithms are to be uftd, and the azimuth is 
finall, the fine.and tangent of NP do not fenfibly differ from 
each other, nor from the arc N P ; and the arc C P x does not 
fenfibly differ from its fine. 

If therefore we fubftitute fine C Px x tang. P C, for fine N P„ 
the formula is reduced to fine NZP = fine CPxx tang. 
P C X fecant P Y. But if we ufe the logiftic logarithm of the 
angle C P x, we muff take the complements of the tangent PC, 
and the fecant P Y, which gives us this compendious formula. 
L. log. of the azimuth = L. log. half the fum of the errors 
turned into parts of a circle + log. tang, of the ftar's declina- 
tion + log. cofine of the latitude of the place. 

Q. E. D. 
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Q.E.B. 

2. To find the angle DPx (=a,rc Y.) 

Having already tang. NP at fine C P x x tang. PC, in the 
triangle N P Z are -given =N P -and P Z co find the angle N P Z, 
or dts complement D Px, the, angle required. 

Rad : tang. N P (= fine C P x X tang. PC):: Cotangi P Z 
(= tang. P Y) : cofine N P Z (= fine D P x.) Therefore fine 
DPx z= fine C P x x tang, P C x tang. P Y. And by tiling the 
logiftic logarithms of the angles D P x, and C P x, and the v conv 
plements of the tangents PC and P Y, we have this formula. 
Ju. log. of half the difference of errors in parts of a circle = 
L. log. of £ fiim of the errors in parts of a circle 4- log. tang. 
of iUr^a dec4i^tiea + log. coitang. of the Jat. of the place. 

Q. E. D. 

N. B. If the clock goes at a different rate from that mentioned 
in the foregoing examples^ proper allowance muftbe made in 
determining the angles, from the times of obfervation. 

November, 1786. 
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Remarks en ,an JEclybft 'of the Moon feen at Jerusalem, not long 
before the death of Herod, and mentioned by Jofephus. By 
JAMES WINTHROP, Efq. A.A.S. 

J. HE eclipfe^wnich fe thefubje€l of the prefent paper, 
is of great importance in -chronologyj as it ferves toafcertain 
the true point of time from which the Ghriftian aera ought to 

be 



